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ELECTROPHOTOGRAPHIC APPARATUS AND IMAGE PROCESSING PROGRAM 

The present application is based on Japanese Patent 
Applications No. 2001-019855 and 2001-026947, which are 
5 incorporated herein by reference. 

BACKGKUUND Of THE INVENTION 

1. Field of the Invention 

M= The? prnspnt invention relates to an electrophotographic 

C 10 apparatus, and an image process ingmethod and an image processing 
fH program which are used for the electrophotographic apparatus. 

\& More particularly, the invention relates to an 

O 

« electrophotographic apparatus which more omoothco o variation 

\* of gradation of a picture of low gradation levels, thereby 

jE 15 improving a quality of the picture, and an image processing 

6 

m method and an image processing program which are used for the 

electrophotographic apparatus. 

2. Description of the Related Art 

20 A color electrophotographic apparatus is widely used in 

various types of image forming apparatus, such as color printers 
and color uupyixiy machine. In Lhe electrophotographic 
apparatus, a photoreceptor or aphotosensitivemember is exposed 
to light containing image information of a picture on an original 

25 document, and an electrostatic latent image is formed on the 

1 
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photoreceptor. The electrostatic latent imsge is developed 
by color toners of such colors as cyan (C) , magenta (M) , yellow 
(Y) cmd black {k) . The color toner images are transferred and 
fixed to an image supporting member, e.g., a sheer of paper. 
5 In this way, thp original picture is reproduced by the 
electrophotographic apparatus. In the laser heam printer, a 
laser beam is utilized for forming an electrostatic latent image 
on the photoreceptor. An electrostatic latent image is formed 
H* in a manner that a laser beam is irradiated uu pixel areas which 

D 10 are arrayed in a fast or main scan direction in which the la3er 
00 beam is moved for scanning and a slow scan or sub-scan direction 

1=4 

in which the image supporting member is fed. Of those laser 

0 

s beam printers, a laser beam printer of the type in which the 

O 

I s * pulse width of a pulse signal for driving the laser beam is 

fU 

yg 15 modulated, is capable of varying an irradiation area of the 

P 

m laser beam within the pixel area. Accordingly, even if the 

number of pixels per unit area is small, the laser beam printer 
reproduces a color picture olhiyh resolution and good gradation . 

20 In the laser beam printer of the pulse width modulation 

(PWM) type, a halftone spot half-toning technique, which is 
based on the multi-level dithering method, is known for one 
of the techniques to reproduce a gradation of a gradation image. 
Tn the multi-level dithering method, for the gradation data 

25 formed every color, which is contained in the input signal, 

2 
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a conversion table is referred to a conversion table, called 
a look-up table (LUT) . The LUT contains image reproducing 
informal ion Lo determine the size and other items of a virtual 
dot. The siae and other items (dot position in 3ome cases) of 
5 the virtual dot within each pixs! area are determined by 
referring to the LUT. The size of the virtual dot is expressed 
in terms of levels representing divisions of a size from 0 to 
the maximum size value of the virtual doc . By using the levels, 
!=* an output signal of each pixel ic multi-valued. 

o 

D 10 

m 

m The term, "virtual or ideal dot", is defined as an area 

U within a pixel area, which is scanned with the laser beam. A 

s size of the virtual dot as viewed iu Lhe last scan direction 

U is the product of multiplying a time period of driving the laccr 

m 

yg 15 beam by a scanning speed of the laser beam. A size of it as 

6 

fy viewed in the slow scan direction is equal to a size of the 
pixel area as viewed in the slow direction. The virtual dot 
and a "dot picture" on a final picture are different in shape 
for the reasons givenbelow. Accordingly, in the specification, 

20 those different terms will be used for the distinguishingpurpose . 
Within the virtual dot of each pixel area, the laser beam is 
driven and an area irradiated with the laser beam is formed 
on the photoreceptor. This irradiation area takes a shape 
radially expanded around the virtual dot since the laser beam 

25 has a size, and the rise and fall characteristics when it is 
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driven. The irradiation area of the laser bp.am serves a latent 
image area on the photoreceptor. The latent image in this area 
is developed into a visual image by toner, and the toner image 
is transferred onto an image supporting member, e.g., paper. 
5 As a result, a dot pirttnre is formed in a final picture. Also 
during the developing process, the dot pictures is further 
deformed from the virtual dot for some reasons. For example, 
the Loner particles are scattered. Thus, the dot picture is 
deformed from the virtual dot, and its deformation depends on 

p 10 the electrophotography process. Therefore, the final dot 

ill 

m picture can be controlled by controlling the virtual dot formed 

|* 

u through the driving operation of the laser beam. 

O 
§ 

|* Fig. 1 is a diagram for ohowing a developing piuoess in 

m 

•j 15 a general electrophotography process. A virtual dot area 2 
m on a surface of a photoreceptor or photosensitive drum 1, which 
is set at negative voltage (-100OV) , is irradiated with a laser 
boom, go that an electros ta Lie latent image area 3 at UV is 
formed therein. Toner 5 charged at a negative voltage (-500V) 
20 on a developing drum 4 is supplied to th« photoreceptor drum 
supporting the electrostatic latent image thereon, so that the 
negatively charged coner particles 5 attach to the electrostatic 
latent image area 3 of OV. Thereafter, the toner attaching 
thp.reto is transferred to such an image supporting member as 
25 a printing paper, so that a dot picture is formed on the image 



4 
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supporting member. 



The halftone spot halt-toning technique forms a dot 
picture within a single pixel or a halllune spot consisting 
,. 5 of a cluster of dot pictures, which covers aplurality of adjacent 
pixels, and reproduces a gradation of a gradat.i nn image by using 
the size of the halftone spot. To be more exact, as a gradation 
value of the gradation data or each pixel increases, a virtual 

p dot generates, and a core of growth or a growLh nucleus of the 

Q 

L _ = 10 halftone Spot in the final picture is generated. When the 
JJ gradation value of the gradation data further increases, the 
g number ot virtual dots and the area of them are increased, and 
O the aiEe of the halftuue s P ot gradually grows. Accordingly, 
Ej-J in the technique in which the halftone 3pot grows with increase 

-15 of the gradation value of the input gradation data, the area 
ft of the virtual dot grows earlier in the pixel located at the 
center of the haittone spot (near the growth nucleus), and it 
grows later in the pixel closer to Lhe periphery of the halftone 
spot (located apart from the growth nucleus) . 

20 

Fig. 2 is a diagram exemplarily showing how a halftone 
spot grows. A haittone cell or halftone spot area 10 shown 
in Fig. 2 takes a cross shape consisting of five pixels PX1 
to PXS. The center pixel PXl serves a3 a growth nucleus which 
25 first grows when the gradation level nf the gradation data 
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increases. As shown in (2) in Fig. 2, when the gradation level 
increases, a virtual dot 12 in the center pixel PX1 gradually 
increases its size. When it is further increased, the size 
of the virtual dot 12 within the pixel PX2 increases as shown 
, 5 in (3) in Fig. 2. Subsequently, the virtual dot grows in the 
pixels PX3, PX4 and PX5 in this order, as shown in (4), (5) 
and (b) in Fig. 2. Finally, the virtual dot grows to fill all 
the pixels, and Lhe ssiae of Lhe halftone spot is maximized. 

j* 

§10 Thus, those plural pixels forming one halftone spot have 

EI different area growing characteristics, respectively . For 

Mi 

hfe this reason, a plurality of look-up tables (LUTs) are used. 

O 

s In the example of Fig. 2, LUTs are assigned to the pixels PX1 

O 

M> to PX5, rftspAnti vel y. A two-dimensional array consisting of 
-.£15 those LUTs as array elements is constructed for each halftone 
fy spot. Those two-dimensional arrays are replicatively laid over 
Lhe input picture image data, as paved with tiles, whereby an 
overall picture is reproduced by using halftone cpot3. In the 
specification, the two-di ni<=>n.«n cwal array will be referred to 
20 as a look-up table matrix (LUT matrix) . 

In Lhe electrophotographic apparatus, the virtual doc 
area within the pixel is irradiated with a laser beam to form 
an electrostatic latent image., and toner particles are attached 
25 to the latent image area to form a dot picture. And a halftone 

6 
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spot of a dot picture consisting of a plurality of pixels is 
made to grow. To increase a resolution of a final picture of 
the dot pictuies, iL is desirable to increase the number ot 
screen lines connecting the halftone spots per inch as large 
5 as possible. 

In connection with this, there is a proposal that in a 
data ldnge of low gradation levels, to stabilize the output 
characteristic of the electrophotography process, a density 

9 10 of qrowincr halftone spots is held to be low and hence, to decrease 

HI 

the number of screen lines per inch . Where the number of growing 

H= halftone spots is large, the virtual dot area in each growth 

CI 

^ nucleus is too small . As a result, a print- do I missing occurs, 

M< and gradation levels are inappropriately reproduced in a final 

& 15 picture. Where the virtual dot area is extremely small, a 

O 

fit critical point to determine whether or not the dot picture is 

formed varies depending on ambient conditions where the engine 
in the electrophotographic apparatus is used. Further, the 
print-dot missing occurs when such a critical point varies. 
20 In the data range of rather high gradation levels, all the 
halftone spots are simultaneously increased in size, whereby 
the number of screen lines is increased and hence, a sharp final 
picture is reproduced at high resolution. 

25 Where such a halftone spot growing technique that in the 

7 
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data range of low gradation levels, the halftone spots are made 
to grow oo ac to reduce the number of screen lines, and with 
increase of the gradation level, the number of screen lines 
is increased, viz., the number of growth nucleuses of the 
5 halftone spots is increased, is employed, the gradation in the 
final picLure, which is formed by dot pictures as finally 
developed, improperly increases. This fact was found by the 
inventor of thp. present patent application. More exactly, the 

Mi 

h inventor found the following fact: with increase of gradation 

jsj 10 of input picture image data, a gradation of a final picture 
H produced aftui Liie developing process stepwise increases, and 

in an extreme case, the gradation of the final picture ia inverted 

g 

gj From our further study, it was found that at a transient 

15 part where the number ot screen lines is changed to another 
number of screen, lines with increase ul the yradalion level 
of the input picture image data, the gradation of the final 
picture unnaturally varies or is inverted. 

20 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invenLion is to 
provide an electrophotographic apparatus in which a gradation 
in a final picture produced after the developing process normally 
varies with a gradation variation of input picture image data, 

25 and an image processing program for use in the 
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electrophotographic apparatus. 

Another objecl of the present invention is to provide 
an electrophotographic apparatus which forms a final pic Lure 
5 havinq a stable gradation in a pi cture area of low gradation 
levels, and a final picture which is high in resolution anri 
sharpness in a picture area of high gradation levels, and an 
image processing program for use in the electrophotographic 
appa ratus. 



To achieve the above object, according to one aspect of 

the present invention, there is provided a first 

fi 

p electrophotographic apparatus Tor reproducing a picture by 

J expressing a gradation of the picture by use of halftone spots 
15 which are each formed bv dot pictures within a plurality of 
pixels, the electrophotographic apparatus comprising; a 
picLure reproducing engine tor forming the dot pictures by 
attaching toner to virtual dot areas each within Lhe pixel based 
on picture reproducing data; and an image processing unit which 
20 generates the picture reproducing data which causes, in a first 
data range of a low gradation level in input picture image data, 
the growth of halftone spots of a first group for generating 
a first number of screen lines, in accoidcuice with increase 
of the gradation level, and causes, in a second data range of 
25 which the gradation level is higher than that of the f i rst data 
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range, the growth of halftone spots of a second group tor 
generating a second number of screen lines, which is larger 
Uid.u the first number of screen linos, in accordance with 
increase of the gradation 1 evel; wherein the image processing 
... 5 unit further generates the picture reproducing data whi ch simply 
increases a gradation of each the dot picture at a boundary 
between the first and second data ranges. 

□ 

U In the electrophotographic apparatus, picture 

-"' 

® 10 reproducing data is generated such that to increase the picture 

I?* 

H resolution in a manner that the number ot screen lines is reduced 

s in the data range of low gradation level, and the number of 

O 

r* screen lineo is gradually increased with increass of gradation, 

III 

a the gradati nn levels of the dot pictures are gradually increased 

fy 15 even at a transient part where the number of screen lines is 
changed to another number ot screen lines. 

According to another aspect of the invention, there is 
provided a second electrophotographic apparatus for 

20 reproducing a picture by expressing a gradation of the picture 
by use of halftone spots which are each formed by dot pictures 
within a plurality of pixels, the electrophotographic apparatus 
comprising t a picture reproducing engine for forming dot 
pictures by attaching toner to virtual dot areas each within 

25 the pixel based on picture reproducing data; and an image 
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processing unit for converting a gradation of input picture 
image data into the picture reproducing data of the virtual 
dot area; wherein the image processing unit genera Lea pic Luxe 
reproducing data which ccuocs, in a first data range of a low 
5 gradation level in fhs input picture image data, the growth 
of a first group of halftone spots in accordance with increase 
of the gradation level, and causes the growth of a second group 
p of halftone spots in a second data range of which Lhe gradation 

JJ! level io higher than that of the first data range, and the image 

03 

lIid processing unit generates picture reproducing data for 

p simultaneously in the first data range generating fine virtual 

p dot areas small enough to fail to form dot pictures of toner 

U 

pj in d halftone spot area other than the halftone spots of the 

,4 first group. 

The fine virtual dot areas small enough to fail to become 
dot pictures of toner have following functions. in an 
electrophotographic apparatus, the edge effect io present 
between a latent image area formed on a photoreceptor drum and 

20 a density of toner attaching thereto. The edge effect is a 
phenomenon that when a photoreceptor drum on which a latent 
image is formed and a developing roller for supplying charged 
toner are in a non-contact state, toner is excessively attached 
to the periphery part of a latent image area 3 (see Fig. 3} . 

25 It is estimated that the edge effect is due to the supplying 
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of excessive charqed toner. Where the edge effect is present, 
even if the latent image area 3 has a minute size and its potential 
is insufficiently high, an excessive amount of toner is supplied 
to the latent image area and sometimes attaches Lu the latent 
.. 5 image area. 

The edge effect remarkably appears when a density of 
virtual dots is low. When the virtual dot density is high, 
the excessive toner supplying is lessened/ and the edge effect 
in is also weakened. 

Accordingly, in the growing process in which the halftone 
spo is of a first halftone spot group are made to grow with increase 

of the gradation level in. a first data range of low gradation 
15 levels in the input picture vmagp. data, and th<? hal ftone spots 
of a second halftone spot group which are different from the 
halftone spots of the first halftone spot group are made to 
grow in a second da La ranye of which the gradation is higher 
than that in the first data range, the virtual dot density is 
20 low and the edge effect is strong in the first data range, and 
a sufficient amount of toner attaches to the latent image area 
corresponding to the virtual dot area. In the second data range, 
the victual do I density is high, and the edge effect is weak, 
andhence, an insufficient amount of toner attaches to the latent 
25 image area. As a result, at the boundary between the first 

12 
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and second data ranges, the gradation of the final picture of 
the dot pictures stepwise varies with a gradation variation 
of the input picture image data. In an extreme case, the gradation 
of the final picture is inverted. 

To cope with, in the first data range, a fine virtual 
dot area or areas, which are small enough to fail to become 
dot pictures of toner, are simultaneously generated in a halftone 
spot area other than the growing halftone spots of the first 
halftone spot group. As a result, in the first data range of 
[J low gradation levels in the input picture image data, a virtual 
£J dot density is higher than that of the growing halftone spots 
^ o£ Lhe first halftone spot group. Accordingly, the edge effect 
p* is lessoned in this area. At a boundary point between Lhe first 

ru 

15 and second data ranges, a variation of the virtual dot density 
RJ is lessened, and the edge effect is also lessened. There is 
eliminated the problem of the unnatural variation of the 
gradation in Lhe final picture. Thus, in the invention, the 
gradation of the final picture more smoothly varies with 
20 variation of the gradation of the* input picture image data. 

In a preferred embodiment of the second 
electrophotographic apparatus, the halftone spot areas other 
than the halftone spots of the first halftone spot ytoup is 
25 a halftone spot area of the second halftone spot group. With 
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such a unique feature, in the first data rang? of the gradation 
level, the virtual dot area increases with increase of the 
gradation in the halftone spots of the first halftone spot group, 
and a fine virtual dot is yeneraLed in the halftone spot of 
55 the second half tone spot group. Accordingly, at the boundary 
between the first and second data ranges, the density of the 
virtual dot areas little varies, and the edge effect little 
varies betore and after the boundary. As a result, the gradation 
Z variation of the final picture is smooth. 

O io 

m 

!*» In another preferred embodiment, the image processing 

If ' unit generates picture reproducing data which causes the growth 
or ct Lhird group of halftone spots, which are different from 
H- those of the first and second groups, in a third ddtd x«*nye 

. 15 of Which the gradaMon level is higher than in the second data 
ill range, halftone spot areas other than the halftone spots of 
the first group in the first data range is halftone spot areas 
of second and Lhird groups, and the image processing unit 
generates picture reproducing data for simultaneously in the 
20 second data range generating the. fine virtual dot area in tha 
halftone spot area of the third group. 

In Lhe embodiment, the virtual dot area increases with 
increase of the gradation level in the halftone spots of the 
25 first halftone spot group. Tn rhe halftone spots of the second 
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and third halftone spot groups, fine virtual dots are generated. 
Further, a grown virtual dot area is generated in the halftone 
spot of the second data range; a virtual dot area is generated 
in the halftone spot to bo made to grow of the second halftone 
5 spot group; and a fine virtual dot is generated in the halftone 
spot of the third halftone spot group. Therefore/ the virtual 
dot densities in the first to third halftone spot groups are 
kept at an equal value. 

10 In yet another preferred embodiment, the image processing 

unit generates picture reproducing data which causes the growth 
of a third group of halftone spots, which are dirterent from 
those of the second and third groups, in a third data range 
of which the gradation level is higher than in the second data 

15 range, a halftone spot area other than the halftone spots of 
the first group in the first data range is a halftone spot area 
of a second or third group, and the image processing unit 
generates picture reproducing data for simultaneously 
generating the fine virtual dot area in the halftone spot area 

20 of the third group in the second data range. 

in the embodiment, in the first data range, the virtual 
dot area grows in the halftone spot of the first halftone 3pot 
group, and a fine virtual dot is generated in the halftone spot 
25 of the second or third halftone spot group. Further, in the 

15 

RECEIVED JAN-28-GZ 05:22AM FROM-8I3556I3856 TO- MATTIKGLY, STANGER PAGE 018 



02- 1-23; 7:1 6PM ; NGB PATENT DEPT 



; 3 1 3 556" 3956 # 20/101 



second data range, a grown virtual dot area is generated in 
the halftone spot of the first data range; a virtual dot area 
to be made to grow is generated in the halftone spot of the 
second half tone spot group/ and a fine virtual dot is generated 
5 in thft ha 1 f tone spot of the third halftone spot group. Therefore, 
the variation of the edge effect is lessened between the first 
and second data ranges. 

t 

According to a third aspect of the invention/ a third 
= 10 electrophotographi r. apparatus for reproducing a picture by 

60 

N 1 ' expressing a gradation of the picture by use of halftone spots 
O which are each formed by dot pictures within a plurality of 

3 

Q pixels, the eleclrophoLographic apparatus comprising: a 

fU picture reproducing engine for forming dot pictures by attaching 

™ 15 toner to virtual dot areas each within the pixel based on picture 

fU 

reproducing data; and an image processing unit for converting 
a gradation of input picture image data into the picture 
reproducing data of the virtual dot area; wherein the image 
processing unit generates picture reproducing data which causes, 

20 in a first data range of a low gradation level in the input 
picture image data, the growth of halftone spots at a first 
density in accordance with increase of the gradation level, 
and causes the growth of halftone spots at a second densily, 
which is higher than the first density in a second data range 

25 of which the gradation level is higher than that of the first 
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data range, and the image processing unit generates picture 
reproducing data for simultaneously generating fine virtual 
dot areas small enough to fail to torm dot pictures of toner 
in a halftone spot area other than the growing halftone spots 
„ 5 in the first data range. 

In the third aspect of the invention, a density of the 
sum of the growing virtual dot area and the fine virtual dot 
area in the first data range of low gradation level is at least 
higher than the first density (or equal to the second density) . 
Therefore, the density difference between the virtual dot area 
in the first data range and the virtual dot area in the second 
dala range is small (or those are substantially equal), and 
a variation of the edge effect between the both data ranges 
is lessened. 

According to a fourth aspect of the invention, there is 
provided a fourth eleulxupholuyraphic apparatus for 
reproducing a picture by expressing a gradation of the picture 
20 bv use of halftone spots which are each formed by dot pictures 
within aplurality of pixels, the electrophotographic apparatus 
comprising: a picture reproducing engine for forming dot 
pictures by attaching tonex Lo virtual dut areas each within 
the pixel based on picture reproducing data/ and an image 
25 processing unit for converting a gradation of input picture 

17 
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image data into the picture reproducing data of the-, virtual 
dot area; wherein the image processing unit generates picture 
reproducing data which causes, in a first data range of a low 
gradation level in the input picture image da La, Lhe growth 
5 of a first group of halftone spots in accordance with increase 
of the gradation level, and causes the growth of a second grmip 
of halftone spots in a second data range of which the gradation 
level is higher than that of the tirst data range, and the image 

y. processing unit generates the picture reproducing data which 

O 

p 10 starts, in the first rfata range, the growing of the halftone 

eg spots of the second group in accordance with increase of the 

U gradation level during the growing of the halftone spots of 

S 

the first group, and a Lops the growing or the halftone spots 

O 

£ of the first group during the growing of the halftone spots 

^ 15 of the second group. 

Q 

m 

In the fourth electrophotographic apparatus, the picture 
reproducing data is geneiaLed which starts, in the first data 
range, the growing of the halftone spot3 of the second halftone 

20 spot group with increase of the gradation level during the 
growing of the halftone spots of the first halftone spot group, 
and stops the growing of the halftone spots of the first halftone 
spot group during the growing of the halftone spots of the second 
halftone spot group. Since the growing of the halftone spot 

25 of the second halftone spot group starts during the growing 
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of the halftone spot of the first halftone spot group, the edge 
effect is lessened in a transient part where the growing of 
the halftone spot ot the virtual dot area 2 additionally starts. 
The gradation of the final picture can be xepxudut:ed properly. 

5 

In a preferred embodiment of the fourth 
electrophotographic apparatus, the image processing unit 
generates the picture reproducing data which gradually 
N= increases the number of screen lines each connecting geneialed 

o 

Q TO halftone spots in a transient data range from the first data 

111 

El range to the second data range. Since the number of screen 

H> 

f* lines is gradually increased in the data range of low gradation 

o 

s levels, the gradation is properly reproduced in this area, in 

m the data range of high gradation levels, the member of screen 

15 lines is increased to increase l-hs resolution. Even if the 

6 

m halftone spot growing process is employed, the edge effect is 
suppressed, and the gradation of the final picture is properly 
reproduced in Uiis embodiment. 

20 Finally, the present invention provides the following. 

There is provided an electrophotographic apparatus for 
n-produciny a picture by expressing a gradation of the picture 
by use of halftone spotc which are each formed by dot pictures 
25 within a plurality of pixels, the electrophotographi r. apparatus 

19 
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comprising: a picture reproducing engine for forming the dot 
pictures by attaching toner to virtual dot areas each within 
the pixel; and an image processing unit for causing (i) growth 
of halftone cpotc of a firot group in a firot data range of 
- 5 input image data to increase a gradation of the dot. pictures, 
and (ii) growth of halftone spots of a second group in a second 
data range of the input image data, which is adjacent to higher 
gradation level side of the first data rangeto further increase 

E the gradation of the dot pictures/ wherein the gradation, of 

-' 

* 10 the dot pictures is simply increased by the image processing 

f- s unit without decrease at a boundary between the first and second 

¥~- 

data ranges. 

O 

N= There is also provided an image processing method for 

0 15 reproducing a picture by expressing a crradation of the picture 
lU by use of halftone spots which are each formed by dot pictures 

within a plurality of pixels, the image processing method 
comprising steps of: growing halftone spots of a first group 
in a first data range of input image data to increase a gradation 
20 of the dot pictures; growing halftone spots of a second group 
in a second data range of the input image data, which is adjacent 
to higher gradation level side of the first data range to further 
increase the gradation of the dot pictures; and simply increasing 
the gradation of the dot pictures without decrease at a boundary 
25 between the first and second data ranges. 
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Further, there is also provided an image processing 
program which causes a computer to execute an image processing 
for reproducing a picture by expressing a gradation of the 
5 picture by use of halftone spots which are each formed by dot 
pictures within a plurality of pixels, the imaqe processing 
comprising: a step of growing halftone spots of a first group 

jnb i n a first data range of input image data to increase a gradation 

O 

O of the dot pictures; a 3tep of growing halftone spots of a second 

/ 

\ 10 group in a sfirnnri data range of the input image data, which 
is adjacent to higher gradation level side of the first data 

r range to further increase the gradation of the dot pictures; 

y, and a step of simply increasing the gradation of Lhe dot pictures 

y§ without decrease at a boundary between the first and second 

T 15 data ranges. 

Still further, there is provided an electrophotographic 
apparatus for reproducing a picture by expressing a gradation 
of the picture by use of halftone spots which cue each formed 
by dot pictures within a plurality of pixels, the 
20 electrophotographic apparatus comprising: a picture 
reproducing engine for forming the dot pictures by attaching 
toner to virtual dot areas each within the pixel; and an image 
piuctissiiiy uuil fyji- causing (i) growth of halftone spots of 
a first group in a first data range of input image data to increase 
25 a gradation of the dot pictures, and (ii) growth of halftone 
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spots of a second group .in a second data range of the input 
image data, which is adjacent to hiqher gradation level side 
of the first data range to further increase the gradation of 
the dot pictures; wherein the image processing unit generates 
- 5 virtual dots small enough to fail to form dot pictures of tuner 
in halftone spot areas othe.r than the halftone spots of the 
first group in the first data range of the input image data. 

still further/ there is provided an electrophotographic 
10 apparatus for reproducing a picture by expressing a gradation 
j£ of the picture by use of halftone spots which are each formed 
by dot pictures within a plurality of pixels, the 
electrophotographic apparatus comprising: a picture 
k reproducing engine for forming the dot pictures by attaching 

15 toner to virtual dot areas each within the pixel; and an image 
processing unit for causing (i) growth of halftone spots of 
a first group in a first data range of. input image data to increase 
a gradation of Lhe dot pictures, and (iij growth of halftone 
spots of a occond group in a second data xanye of the input 
20 image data, which is adjacent to higher gradation level side 
of the first data range to further increase the gradation of 
the dot pictures; wherein halftone spots of the second group 
slwL Lo grow during the growth of halftone sports of the first 
group in the first data range of the input image data. 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Fig. 1 is a diagram for showing a developing process in 
a general electrophotography process; 
5 F.ig. ? is a diagram showing an example of a growth of 

a halftone spot; 

Fig. 3 is a block diagram showing an overall system 
configuration oi an electrophotographic apparatus, which is 

1=1; 

Q an embodiment of the present invention; 

U! 10 Fig- 4 is a diagram for explaining a proceaa of growing 

06 

U halftone spots grow in a data ranqe of low gradation levels; 
Q Fig. 5 is a diagram for explaining a process of growing 

p halftone sputa grow in a data range ot low gradation levels; 
fy Fig. 6 is a diagram for explaining a pxueess of growing 

15 halftone spots grow in a data range of low gradation levels; 

ru 

Fig. 7 is a diagram for explaining a qrowing process of 
halftone spots, which is carried out with increase of the 
gradation level; 

Fig. 8 is a diagram for explaining a growing process of 
20 halftone spots, which is carried nut with increase of the 
gradation level; 

Fig. 9 is a diagram for explaining a growing process of 
halftone spots, which is carried out with increase of the 
gradation level; 

25 Fig. 10 is a diagram for explaining a growing process 
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of halftone spots, which is carried out with increase of the 
gradation level; 

Fig. 11 is a diagram for explaining a growing process 
of halftone 3pots, which is carried out with increase of the 
gradation level; 

Fig. 12 is a diagram for explaining a growing process 
of halftone spots, which is carried out with increase of the 
gradation level; 

Fig. 13 is a diagram for explaiuiuy a growing process 
;- 10 of halftone spots, which is carried out with increase of the 
gradation level; 

P Fi ST- 14 is a diagram for explaining a growing process 

\* or halftone spots, which is carried out with increase of the 
yp gradation level; 

HI 15 Fig. 15 is a graph showing the characteristic of a 

conversion table (look-up table) , which is contained in a half 
tone processing part in the electrophotographic apparatus; 
Fig. 16 ia a diagram for explaining the edge effect; 
Fig. 17 is a diagram for explaining a first halftone apot 
20 growinq process in the embodiment of the invention; 

Fig. 18 is a diagram for explaining the first halftone 
spot growing process in the embodiment; 

Tig. 19 ia d. graph showing the characteristic ot a look-up 
table used for the first halftone spot growing process/ 
25 Fig. 20 is a diagram for explaining a second halftone 
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spot growing process in the embodiment of the invention; 

Fig. 21 is a graph showing the characteristic of a look-up 
Lnble used Cor realizing the second halftone spot growing 
process; 

5 Fig . 22 is a graph showing the characteristic of a look-up 

table used for realizing the third half tone spot growing process, - 
Fig. 23 is a diagram for showing an example of the look-up 

table; 

M-- Fig. 24 is a diagram for explaining the edge effect in 

O 10 a fourth halftone spot growing process; 

C3 Fig. 25 is a graph showing the characteristic of a look-up 

j* table used for nhe fourth halftone spot growing process in the 

s embodiment ; 

o 

y f Fig. 9.6 i s a di sgram for explaining the growing of halftone 

"£ 15 spots by the fourth halftone spot growing process; 

O 

Fig. 27 is a diagram for explaining the growing of halftone 
spots by the fourth halftone spot growing process; 

Fig . 2 8 ic a diagram for explaining the growing of halftone 
spots by the fourth halftone spot growing process; 
20 Fig. 29 is a diagram for explaining a look-up table used 

in the fourth halftone spot growing process; and 

Fig. 30 is a block diagram showing an overall system of 
another electrophotographic apparatus. 

25 DET AILED DESCRIPTION QF THE PREFERRED EMBODIMENTS 
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The preferred embodiments of the present invention will 
be described with reference Lo the accompanying drawings. In 
the description of the embodiments to be given hereunder, it 
should be understood that the present invention is not limited 
5 to the embodiments, but it involves the invention defined in 
the appended claims and the equivalents of the defined invention . 

Fig. 3 is a. block diagram showing an overall system 
C3 configuration of an electrophotographic apparatus, which io 

W1 10 an embodiment of the invention. In the embodiment, picture 

m 

¥> image dala 56 containing respective color gradation data of 

Q R, G and B {each data consisting oX a bits, and totally 24 bits) 

p is produced by a host computer 50, and transferred to an 

Mi 

fy electrophotographic apparatus 60, such as a page printer. The 

m 

□ 15 electrophotographic apparatus 60, such as a page printer. 



reproduces a color picture by using input picture image data 
5fi as received. The electrophotographic apparatus 60 includes 
a controller 62 which performs image processing operations and 
transfers laser drive data 69 to an engine, and the engine, 
20 designated by reference numeral 7 0, for reproducing the image 
in accordance with the drive data. 

In the host computer 50, various data 53, sucha3 character 
data, graphic data and bit map data, are generated by an 
25 application program 52, e.g., word processor or a graphic tool 
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software. The data 53 which are produced by the application 
program 52 is raslerized fay use of a rasterizing function of 
a driver 55. The driver is used for driving the 
electrophotographic apparatus and is installed to the host 
5 computer 50 . Through the rasterizing, the dat a 53 is converted 
lo the input picture image data 56 containing RGB color gradation 
data formed every pixel or dot. 



£ The electrophotographic apparatus 60 also contains a 

Q 10 micro processor unit (not shown) , and the controller 62 (image 
•;i processing unit) contained therein includes a color converting 

part 64, a half -toneprocessingpar/t 6b, a pulse-widthmodulation 
L Part 68, andthelike. In the engine 70 contained in the apparatus, 

jMj a laser driver 72 drives a laser diode 74 for depicting an image 

y5 15 in accordance with drive data 59. The enqine 70 further -includes 
py a photoreceptor or photosensitive drum, a transfer belt and 

the like, and a drive seuLion tor driving them. In Fig. 3, 
those components are not illustrated, however. 



20 



In the controller 62, the color convertingpart 64 converts 
RGB gradation data 56 as the input picture image data which 
are each formed for each pixel, into gradation data 65 of C, 
M, Y, K colors as toner colors. The gradation dala 65 of C, 
M, Y and Kare each gradation data of 8 hi t s which is representative 
25 ot gradation levels of each pixel, with the maximum gradation 
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level being 255. The gradation data is formed for each of the 
color planes ul Lhe colors C, M, Y, K, for example. The half 
tone processing part 66 is supplied with gradation data 65 
representative of gradation levels of pixels, fot each color 
5 plane. 

The hair tone processing part 66 generates picture 
reproducing data 67 of the pixels for the received gradation 
'Z data 65 of each pixel by ref erring to conversion tables, formed 

C io in advance, which contains the correspondfinc.es between input 
gradaLion data and picture reproducing data. The half tone 
jNj processing part CC generates the picture reproducing data 67 

^ for specifying dimensions of the virtual dot areas which express 

H; the intermediate gradations, by utilising the multi-level 

€i 15 dithering method. 

D 

lu 

The pul3e width modulation part 68 converts the picture 
reproducing data 67 into laser drive pulse data 69, which 
corresponds to the virtual dot. area specified by the picture 

20 reproducing data 67, and transfers the converted one to the 
engine 70 in real time. The engine 70 drives a laser beam in 
accordance with the drive pulse data 69 zo irradiate the virtual 
dot area as specified and to form a latent image on the 
photoreceptor drum. Toner parti r.l es are attached to the latent 

25 image area, and are transferred to a supporting member such 
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as a recording paper, thereby forming a final picture. 

Accordingly, the growth of a halftone spol, which is formed 
in accordance with a gradation level of gradation data 65 
5 resulting from the color conversion of the input picture image 
data 56, will be understood when care fully observing the virtual 
dot areas specified by the picture reproducing data, which is 
M: generated by the half-tone processing pail 66 in the controller 

5 62. 

m 

m 10 

Figs. 4 to 6 are diagrams for explaining a process in 

O 

j" whichhalf tone 3pots grow in a da La range of low gradation levels . 

In Figs. 4 to 6, there are illustrated a plurality of pixels 



O 

m 

;J PX and a plurality of halftone cells or halftone spot areas 

=l 15 ioa, iub, IOC. Each halftone spot area consists of a central 



m 



growth nucleus pixel and four pixels disposed around the growth 
nucleus pixel, which are arrayed in a cross shape, as in the 
halftone spot area 10 shown in Fig. 2. The ccreen contains 
three groups of halftone spots. The three hal ft one spot groups 
are a first halftone spot group denoted as "A" in Fig. 4, a 
second halftone spot group "B" in Fig. 5 and a third halftone 
spot group "C" in Fig. 6. in this example, the halftone spots 
A of the first group ars arrayed at a first density,- the halftone 
spots B of the second group are arrayed at. the first density; 
and the halftone spots C of the halftone spot group are arrayed 
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at a second density, which is two times as high as the first 
density. 

In the growth of the halftone spot in the image area of 
, 5 low gradation levels (lighter area), the halftone spot grows 
with the center pixel as the growth nucleus, as described 
referring to Pig. 2. For Lhis reason, input picture image data 
is generated such that in the firat data range of the input 
jj, image data of which the gradation level is low, only the growth 

g 10 nucleus virtual dot of the halftone spot A of the first halftone 
U s P ot 9 r cup, not the growth nucleus pixels of all the halftone 

[7 spots, grow3 with increase of the gtdda Lion level. Specif icaliy, 

in the central growth -nucleus pixel areas of halftone spot areas 
==f 10A of the first halftone spot group in Fig. 4, the virtual 

ij| 15 dot areas grow with increase of the gradation level. 

m 

Accordingly, in the first data ranye of low gradation 
levels, the halftone spots which grow with increase of the 
gradation level are limited to those halftone spots A of the 
20 first halftone spot group. And, a pitch Pa between adjacent 
screenlines, each connecting half tone spots of the dot pictures, 
is wide as shown. In other word3, the number of screen lines 
per inch is small. 

25 Thus, thehalftone spots aremade to growwithin the limited 
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area or the area or the first halftone spot group, which is 
fewer than the whole halftone spot areas. Accordingly, the 
area of the virtual dot within the growth nucleus pixel may 
be increased even in the first data range of low gradation levels . 
5 Accordingly, the instable electrophotography process 
characteristic of the engine in the electrophotographic 
apparatus, viz., the image element area changing from the virtual 
dot area to latent image area, then to toner part idea attached 

ml- area, and finally to dot picture forming area, can be stabilized. 

O 

o 10 In other words, the instability of the output characteristic 

ill 

qt| of the engine, which is inevitable where the virtual dot area 
is small, is suppressed. There is eliminated the print-dot 

D 

missing. Further, a variation of the gradation in a final 
picture may be more properly reproduced in a picture area nf 
J 15 such gradation levels as to be sensitive to human eyes. 

:TJ 

In the first data range of the lowest gradation level, 
the virtual dots grow to have a max i tm.itti size in the growth nucleus 
pixel areas of the halftone spots A of the first halftone spot 

20 group, in the second data range of which the gradation level 
is higher than that in the first data range, the virtual dot 
area grows with increase of the gradation level in each half Lone 
spot area B of the second halftone spot group in a state that 
the growth nucleus pixel of the halftone spot A of the first 

25 halftone spot group has grown, as shown in Fig. 5. Thus, the 
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halftone spots B of the second group are additionally formed 
by the growing process, upon formation of the halftone spots 
A of the first halftone cpot group. Accordinyly, in the second 
data ranqe, the virtual dots are formed in the halftone spot 
5 areas of the first and second groups. As a result, a pitch 
Pbbetwe en adj acent s creen lines , each connecting halftone spots 
A and D of the first and second halftone spot groups, is narrower 
than the pitch Pa, as shown in Fig. 5. In oUier words, the 
[J number of screen lines per inch is larger than that in the firct 

10 data range. 

m 

m 

'~ Further, in the second data range, the virtual dot grows 

^ to have a maximum si ze within the growth nucleus pixel of each 

Hj halftone spot B of the second hal f tone spot group . Subsequently, 

15 in the third data range of which the gradation level is higher 
fU than thai in the second data range, the virtual dot area grows 

with increase of the gradation level in each halftone spot area 
C of the third halftone spot group in a state that the growth 
nucleus pixels of the halftone spot A and H of the first and 
20 second halftone spot groups have grown, as shown in Fig. 6. 
Accordingly, the half-tone processing part generates such 
picture reproducing data for the third data range such that 
all the halftone spot areas contain the virtual dots. As a 
result, a pitch Pc between adjacent screen lines is narrower 
25 than the pitch Pb, as shown in Fig. 6. In other words, the 
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largest number of screen lines per inch is produced. 

In a data range of which the gradation level is higher 
than in the data ranges mentioned above/ the picture reproducing 
5 data is generated such that the vi rtual dot areas grow with 
increase of the gradation level at all the halftone spots A, 
B, c. The growing of the virtual dot is as described referring 
to Fig. 2. 



O 
■ 10 



Figs. 7 through 14 show diagrams useful in explaining 
p how a halftone spot grows with increase of the gradation level . 

g The growing pxucess of Che halftone spot in the embodiment of 

JL the invention consists of ateps 31 to 59, which correspond to 

a gradation variation range from 0 to a maximum gradation level . 
m lb Fig. 15 is a diagram showing a look-up tabls in a conversion 
flJ Lable in the half-tone processing part of the 

electrophotographic; apparatus. 



In a step SI of Fig. 7, there is shown a growing process 
of a halftone spot in a gradation area of the lowest- gradation 
level, and a virtual dot area grows within a first pixel area 
as a growth nucleus iu Lhe halftone spot area A of the first 
halftone* spot group. The growing process of the virtual dot 
is the same as in Fig. 4. As shown in the step si in Fig. 15, 
25 in the look-up table (LUT) , for input picture image data 65 
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containing gradation data of gradation levels, output data 
incrcaoes which is indicative of a size of a virtual dot in 
a first pixel area A- 1 as a growth nucleus pixel in the halftone 
spot area A. Accordingly, Fig. 7 shows a state that the halftone 
spot area is maximized within the first pixel area of the halftone 
spoL area A. 



Txi a step S2 of Fig. 8, there is shown a growing process 
p of a halftone spot in a gradation area whose gradation level 

W 10 is higher than the above-mentioned one, and a virtual dot area 

Do 

t* grows wilhin a flrstpixei area as a growthnucleus in the halftone 

p spot area B of the second halftone spot group. The growing 

p of the virtual dot- is the same as in Fig. 5, and as seen from 

Fig. 8, the number of screen lines is increased. As shown in 

In 

g 15 the step S2 in Fig. 15, in the look-up table, for the input 
picture image data, the output data indicative of a size of 
a virtual dot iticrcaaeg in a first, pixel area B-i as a growth 
nucleus pixel in the halftone spot area B. A density of the 
halftone spot areas B of the second halftone, spot group is equal 
20 to that of the halftone spot areas A of the first halftone spot 
group, and hence an inclination of the increasing curve of the 
output data in the LUT i3 equal to thai in the second group. 

In a step S3 of Fig. 9, there is shown a growing process 
25 of a haittone spot in a gradation area whose gradation level 
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is higher than the last-mentioned one, a virtual dot area grows 
within a pixel area as a growth nucleus in the halftone spot 
area C of the third halftone spot group. The growing of the 
virtual dot is the same as in Fig. 6, and as seen, the number 
5 of screen lines is further increased. As shown in the step 
S3 in Fig. 15, in the look-up table, with increase of the input 
picture image data, the outpuL data indicative of a size of 
a virtual riot Increases in a first pixel area C 1 of a growth 
• n nucleus pixel in the halftone spot area C. In this step, a 

5 1U density of the halftone spot areas C of the third halftone spot 
jpj group is two Limes as high as that of the halftone spot areas 

pjjjj of the first or second halftone spot yzoup, and hence, an 

■ inclination of the increasing curve of the output data in the 

p 

H LUT is 1/2 of that in the first or second group. 

fl 15 

'fU In steps S5, 55, S6 in Figs. 10, 11, 12, the virtual dot 

areas successively grow in the second pixel area (PX2 in Fig. 
2), the third pixel area (PX3 in Fig. 2), and the fourth pixel 
area (PX4 in Fig. 2) of all the halftone spot areas A, B, r.. 
20 When the gradation level is increased to a certain level, there 
is no need of attachiuy Loner particles to a isolated, small 
virtual dot area. Accordingly, the instability of Lib- 
elee tr ©photography process is lessened within the engine. 
Therefore, after the growth nucleus pixels have grown in all 
25 the halftone spot groups, a final picture of high resolution 
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and good sharpness can be reproduced by growing the virtual 
dot areas in. all the halftone spol areas. 



Accordingly, in the LUT of the step S4, as shown in the 
5 step S4 in Fig. 15, for the input picture image data as the 
gradation data of gradation levels, the virtual dot areas, output 
as data, of the second pixel areas A-2, B-2, C-2 in the halftone 
spot arsas of all three halftone spot groups increase. An 

Jj inclination of the increasing curve of the output data is 

U 

O 10 of that in the steps Si and S2, and 1/2 of that in the step 
S3 since Lhe density of the growing haittone spots is 4 times 
N= as high as in the atcpa SI and 32, and two times as high as 

o 

* in the step S3. Also in the st.P.ps S.S and S6, as shown in the 

a 

U> steps S5 and S6 in Fig. 15, the virtual dot areas output as 

fy 

y0 15 data successively increases in the third pixel areas A- 3, B-3, 

Q 

fy C-3 and the f oui Lh pixel areas A-4, B-4, C-4. 

In a step S7 of Fig. 13, the data range is high in gradation 
level/ and in this area, black and white are inverted when 

20 comparing to the data range of low gradation levels. 
Accordingly, the electrophotography process is instable within 
the engine for similar reasons. Therefore, it is preferable 
to grow the halftone spots so as to minimize the other araas 
than the virtual dot areas (void areas in Fiq. 13) . In the 

25 step 57 of Fig. 13/ as in the step S3, the virtual dot area 
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is made to grow in the fifth pixel area (pixel FX 5 in Fig. 2) 
in the halftone spol area C of the third halftone spot group. 
Accordingly, the image in the area of Fig. 13 and the Image 
of the step S2 of Fig. 8 are related to each other in a positive 
5 and negative relation. In other words / the number of lines 
interconnecting the void areas is reduced in the image appearing 
at the end of Lhe sLep 57. 

In the LUT in the step 57, as shown in the segment of 

% 10 S7 of Fig. 15, the virtual dot area in the fifth pixel C-5 in 

- 

05 the nalftone spot area C grows. As seen, an inclination of 

the increasing curve of the ouLput data is equal to that in 

O 

JL the case of the step S3. 

U 
W 

3 ii> In a step S8 of Fig. 14, there is shown a growing process 

p 

fti yl a halftone spot in a gradation area whose gradation level 

is higher than that of the last-men Honed one, a virtual dot 
area grows within a fifth pixel area (PX5 in Fig. 2) as a growth 
nucleus in the halftone spot area B of the second ha 1 f tone spot 
20 group, with increase of the gradation level. A look-up table 
in this step is as shown in a segment of S8 in Fig. 15, and 
an inclination of the ascending curve of Lhe output data is 
equal to that in the step S2. 

2b The final step S9 is carried out in a gradation area of 
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Lhe highest gradation level (not shown) , and a virtual dot area 
grows within a fifth pixel area in a halftone spot area of the 
first halftone spot group. After the growing of Lhe virtual 
dot areas ends, all the halftone spots are maximized in size, 
b and the virtual dot areas are formed filling the entire image 
area. A look-up table in this step is as shown in a segment 
of S9 in Fig. 15/ and an inclination or the ascending curve 
of the output data is equal to that in the sLep Si. 

O 10 The growing process of the halftone spots for suppressing 

00 the ins Lability in the electrophotography process is carried 

U out as mentioned above . In a data range of low gradation levels, 

o 

s sensitive to human eyes, a density of growing halftone spots 

If is reduced/ and the growing rate of the halftone spot is increased 

111 

yj 15 with increase of the gradation level, thereby suppressing a 

B 

ffj probability LhaL isolated/ small virtual dot areas occur. In 

other words, the inclination of the increasing curve ot the 
output data is made steep. 

20 The halftone spot growing process may be modified such 

that the virtual dots in the fiith pixel areas of the three 
halftone spot groups arc made to simultaneously grow. 

Fig. 16 is a diagram for explaining the edge effect. As 
25 described referring to Pig. l, the edge effect is a phenomenon 
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that when charged toner is excessively supplied to the latent 
image area, a large amount of toner is attached to a peripheral 
part of the latent image area, when comparing to the remaining 
area. In Fig. 16, the abscissa represents a sp<±ce, a distance 
5 or the like, and the ordinate represents latent imago potential 
(indicated by solid lines) and an optical density (o.n.) of 
attaching Loner (indicated by broken lines) . 

fw. In a latent image area 20 of (1) in Fig. 16, which is 

p 10 relatively thick, an O.D. 21 of toner attaching to the periphery 

ijj part is higher than in the remaining part. This tendency is 

jU observed also in a latent image area 22 having some width as 

"T" by a toner O.D. profile 23. As the virtual dot area becomes 

Jl narrower in width, the potential of the latent image area becomes 

■ lb lower, as seen from the illustration of latent image areas 24 

J? and 26. In this case, however, as illustrated, O.D. 25 and 

ry 

27 of the toner attached as the result of the edge effect tend 
to be high as in the case of the thick latent image areas 20 
and 22. 

20 

A diagram of (2) in Fig. 16 shows that the edge effect 
is suppressed depending on the density of virtual dot areas. 
When a narrow virtual dot area (latent image area) is solely 
present as indicated by a pattern 28, an attaching toner O.D. 
2b 29 by the edge effect is relatively high by the edge effect 
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as in the tases of the latent image 24 and the like. Accordingly, 
the latent image is reliably reproduced in the form of dot picture 
In case that as in a pattern 30, the virtual dot areas (latent 
image areas) are more closely located at higher density than 
5 as in the pattern 28, the edge effect is suppressed, an O.D. 
31 of toner attaching to related latent images decreases, and 
a probability of reproducing the latent imayes as dot pictures 
is reduced. 

Ill 

10 Thus, the edge effect is intensified or lessened depending 

I* 

I* on the density of the virtual dot areas (latent image areas) . 

b 

s " Accorrii ngly, where the halftone spot growing process mentioned 

Pi 

hi above is employed, the gradation of the final picture is 

[Jj improperly reproduced in the data range of low gradation levels . 




A graph in the upper part in rig. 15 shows a relationship 
between input gradation data expressed in terms of gradation 
level and gradation levels of the final picture. As described 
above, in the data range of the lowest gradation level, as shown 

20 in the slep 51, the virtual dot area grows within the growth 
nucleus A-l in the halftone spot areas A of the first halftone 
spot group. In the data range whose gradation is higher than 
the above-mentioned one, as shown in the step 552, the virtual 
dot area grows within the growth nucleus B-l in the halftone 

25 spoL areas B of the second halftone spot group. At the boundary 
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between those steps, the density of the generated halftone spots 
is increased to be two times as high as that in the previous 
step. Accordingly, the edge effect i3 suppressed at the 
transient point from the step Si to the step 59, at which the 
5 density of virtual dot areas forming halftone spots is doubled, 
as referred to in connection with (2) in Fig. 16. Therefore, 
the gradation of the final picture incrementally varies in a 
stepwise fashion, and a curve representing the gradation 
variation has parts as enclosed by broken lines in Fig. 15. 
P 10 Or, in an extreme case, the gradation in the final picture is 
pi iaverLed. This results in deterioration of the final picture 



quality. The same phenomenon occurs also at the boundary 
between the steps R2 and S3. 



to (3) in Fig. 16. In a pattern 32, a narrow latent image area 
33 is solely present as of the pattern 28, and fine virtual 
dot areas, which will not be developed, at positions near the 
20 narrow latent image area, whereby latent image areas 34 and 
35 are formed. In a pattern 38, narrow latent image areas 39 
and 40 are present while being closely located, onda fine vir Lual 
dot area is generated at a position near it, whereby a fine 
latent image area 41 is formed. 




dependency of the edge effect will be described with reference 



A unique technique for removing the halftone spot density 
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A halftone spot density of the pattern 32 is different 
from that of the pattern 38, and the virtual dot areas (latent 
image areas) ate equal in density . Accordingly, the edge ef feu L 
in both the patterns 32 and 38 is suppressed in like level. 
5 The same thing is true for the attaching toner O.D. 

The unnatural gradation variations in a final picture, 
which are caused when the halftone spot density varies at the 

1^ boundary between the steps SI and S2 and the boundary between 

PI 

□ 10 the steps S2 and S3, can be suppressed by the utilization of 
0 Lhe principle mentioned above. Figs. 16 and 17 are diagrams 

U for cxpl*"- 11111 ? a first halftone spoL growing process in the 

embodiment of the invention. Fig. 17 shows the halftone 3pot 
jf growing step SI in the first halftone spot growing process, 

lb and Fig. 18 shows the halftone spot growing step S2 in the same 
P process. Fig. 19 is a graph showing the characteristic of a 

look-up tabic used for realizing the fir&L half Lone spot growing 

process. 



20 The first halftone spot growingprocess follows. As shown 

in Fig. 11, in the halftone spot growing step SI for the data 
range of the lowest gradation level/ a virtual dot area is made 
to grow with increase of the gradation level in a growth nuclcuc 
pixel A-l in the halftone spot area A of the first halftone 

2b spot group. Fine virtual dots 42 which are thin enough to fail 
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to develop those virtual dots are actually generated in the 
growth nucleus pixels B-l and C-l of the halttone spot areas 
B and C of the second and third halftone spot groups. Thus, 
the fine virtual dots 42 are generated in the halftone spot 
5 areas other than the halftone spot area A of the first halftone 
spot group. With the generation of the fine virtual dots, a 
density of the fine virLual dots is increased in each of those 
halftone spot areas, thereby suppressing the edge effect. 

10 Similarly, as shown in Fig . 18, in the half tone spot growing 

step 52 for the data range of which the gradation level is next 
to the above mentioned one in lis lowness, a virtual dor area 
is made to grow with increase of the gradation level in a growth 
nucleus pixel B-l in the halftone spot area B of the second 

lb halftone spot group . Fine virtual dots 42 which are thin enouqfh 
Lo fail to develop those virtual dots are actually generated 
in the growth nucleus pixels C-l of the halftone spot areas 
C of the third halftone spot group. As a result, a density 
of the fine virtual dots in the step S2 is equal to that in 
u the step SI, thereby suppressing the edge effect at almost the 
same degree as in the previous step. 

In the st.«ps SI and S2, the fine virtual dot area3 are 
generated as mentioned above. Since those dot areas are 
b extremely thin, the resultant latent image areas are 
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insufficient in potential. Accordingly, those fine virtual 
dot areas die not developed into dot pictures, and do not appear 
in the final image. Therefore, even if the fine virtual dots 
are qenerated, a gradation of the final picture corresponds 
to that of the input picture image data. Further, the number 
of screen lines of the final picture also remains unchanged 
in the steps si and S2 even if the fine virtual dots 42 are 
generated. 



~ 10 In the halftone spot growing step S3, as described in 

p. 

connection with Fig. 6, a virtual dot area is made to grow in 

D the growth nucleus pixel c-1 of the halftone spot area C of 

5 

p the third halftone spot group. Accordingly, d density of 

m virtual dot areas in this step is p.qual to that in each of the 

=11 

O lb steps SI and S2. 



The process of genera Ling the virtual dot areas in the 
steps will he better understood when referring to a look-up 
table shown in Fig. 19. In the step SI, for the input picture 

20 image data, output picture reproducing data is qenerated such 
that the pixel A-l ot the halftone spots of the first halftone 
spot group grow, and fine virtual dots grow in the pixels B-l 
and C-1 of the halftone spots of the 3econd and third halftone 
spot groups. The step S2 produces such output picture 

25 reproducing data that at completion of the growing of the pixel 
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A-i in the first halftone spot group is completed, a virtual 
dot area grow3 in the pixel B-l in Ihe second halftone spot 
group, and a fine virtual dot area is generated in the pixel 
C-l in the third halftone spot group. In the step S3, at 
5 completion of the growing of the halftone spot areas in the 
pixels A-l and B-l of the first and second halftone spot groups, 
a virtual dot area grows in the pixel C-l of the third halftone 
spot group . 

H 

D 10 A density of the virtual dot areas in each of the steps 

m 

m si Lo 53 is kept constant. Therefore, there is no chance that 

y, the edge effect changes at the boundaries of those sleps. As 

b 

» a result, a gradation variation in the final picture is smooth 

y 

f* as m the input picture image data. There is no chance that 

[q 15 the gradation of the final picture stepwise varies as shown 

f|j in Fig. 10, dud lhaL the gradation variation is inverted in 
its direction. 

In the data range of which the gradation is at the highest 
20 level or therearound, there is no change of the edge effect. 
Accordingly, as shown in Fig. 19, the looK-up tables in the 
steps Si r S8 and S9 are the same ao those in Pig. 15. 

As aforementioned, according to the present invention, 
25 the gradation of the dot pictures is simply increased by the 
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image processing unit wi trhout decrease at a boundary between 
said first and second data ranges, at which the gradation, ol 
the dot pi ctures does not increase under normal circumferences. 

Fig. 20 is a diagram for explaining a second halftone 
spot growing process in rh<? embodiment of the invention. Fig. 
21 is a graph showing the characteristic of a look-up table 
used for realizing the second halftone spot growing process. 
Fig. 20 shows a halftone spot growing process in the stsp SI. 
In the halftone spot growing step SI for the data range uf the 
lowest qradation level, a virtual dot arp.a grows in the pixel 
A-l in the halftone spot area A of the first halftone spot group, 
and a fine virtual dot, whi r.h will not be developed, is generated 
in the pixel B-l in the halftone spo I area B of the second halftone 
spat group. Accordingly, as shown in the look-up table of Fig. 
21, in the step SI, the virtual dot areas are generated in the 
halftone spot areao A and B of the first and second halftone 
spot qroups, thereby suppressing the edge effect. 

in the second halftone spot growing process, the halftone 
spot growing piocess of the step S2 is the same as in the. first 
halftone spot growing process . Specifically, the virtual dot 
area maintains its maximum size in the growth nucleus pixel 
in the halftone spot area A of the first halftone spot group, 
25 and thP. virtual dot area grows in the growth nucleus pixel D 1 
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in the halftone spot area B of the second halftone spot group. 
Further, a fine virtual dot grows in the halftone spot area 
C of the third halftone spot group . AT so in this step, a density 
of the virtual dot areas is high, and the edge effect is 
5 successfully suppressed. 

In the second halftone spot growing process/ the number 
of fine virtual dots 42 is redur-.p.d to be smaller than that formed 
Id, in the step SI in the first halftone spot growing process. For 

g 10 this reason, even if the fine virtual dots 42 are developed 
Jj into dot pictures as the result of the varied characteristic 

of the electrophotography process in the engine, a variation 
of gradation in the final picture, which is caused by the 
g developed fine virtual dots, is suppressed when comparing with 

-'t 15 Lhe case based the first halftone spot growing process, because 
U the number of fine virtual dots 42 is reduced. 

m 

Also in the second halftone spot growing process, a density 
of the virtual dot areas in the step S2 is equal to that in 
20 the step 53. Therefore, the second halftone spot growing 
process succeeds in suppressing the unnatural variation of the 
gradation in th« f i rial picture, which results from the variation 
of the edge effect. 

25 Fig. 22 is a graph showing the characteristic of a look-up 
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table used for realizing the thirdhalf tone spot growing proces s . 
The third halftone spol growing process is a modification of 
the second halftone spot growing process . In the halftone spot 
growing step SI, a virtual dot area grows in the? pixel A-l in 
. 5 the halftone spot area A of the first halftone spot group, and 
a rine virtual dot, which will not be developed, is made to 
gradually grow from zero in the pixel B-l in the halftone spot 
area B of the second halftone cpot group. In this case, the 
- . fine virtual dot area is sized so as not to he developed even 

j£j 10 if its si2e is a maximum size. Accordingly, the virtual dot 
■I area density is not varied at least at the boundary between 

the 3teps 01 and 32 and the boundary belween the steps $2 and 
S3 S3. Hence, the edge effect variation is also suppressed, 

jp Further, as in the second halftone spot growing process, the 

fU 15 number of fine virtual dot areas is reduced in the step SI, 

€1 

O thereby suppressing a variation o£ the gradation in the final 

FU 

picture, which is caused when the fine virlual dot areas are 
developed as the result of the variation of the characteristic 
of the electrophotography process . 

20 

Fig. 23 is a diagram for showing an example of the look-up 
table. This look-up table is used for the first halftone spoL 
growing process. Tnput data 65, which results from the color 
conversion of the input picture image data 56, is supplied to 
25 the half-tone processing part 66 of Pig. 3. The input picture 
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image data corresponds to a pixel, as the result of the 
rasterizingproccos, as shown in (l) in Fig. 23. The conversion 
table in the half-tone processing part contains an LUT matrix 
of (2) in Fig. 23, and a look-up table group of (3) in the same 
5 figure . The LUT matrix is an index table which shows the pixels 
of the input pit; lure image data and the look-up tables to be 
referred to in association wilh them. Specifically, for the 
pixel P in (1) in Fig. 23, the index A 1 in the LUT matrix is 
y. referred to. Accordingly, a look-up table A-l, which is 
10 associated with the first pixel A-l in the halftone spot, area 

Uj! A of the first halftone spot group, is referred to. The LUT 

yy 

matrices are replicativcly applied to the pixels of the input 
O picture image data, as tiled . 

m IS Look-up tables of the first pixels A-l, B-l, C-l, the 

y3 

rj second pixels A-2, b-2, C-2, and the fifth pixels A-5 of the 

RJ 

halftone .spot areas are shown, by way of example, in the look-up 
table group. The qradation levels from 0 to "i 1" of Lhe 
input gradation data are assigned to the step S1 . in this step, 

20 in the look-up table of the first pixel A-l of the halftone 
spot of the first halftone spot group, the output value 
representative of the size of the virtual dot area is incremented 
from 0 to 255 (input and output data each consist of 8 bits) . 
in the first pixels B-l and C-l of the second and third halftone 

2S spot yroups, the output values are each "5", and fine virtual 
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dot areas are generated in those pixels. 



The input values from i to "j - 1" are assigned to the 
step S2, and the output value representative of the size of 
b the virtual dot area is incremented from 5 to 255 in the look-up 
table of the first pixel B-l of Ihe halftone spot of the second 
halftone spot group. In this caoc, in the first pixel C-l of 
the halftone spot of the third halftones spot group, the output 

M value is "5", and a fine virtual dot area is generated in the 

O 

5 10 pixel. 

m 

U. The input values from j to "k - 1" are assigned to the 

b 

step S3, and in this step, the output value representative of 

O 

the size of the virtual dot area is incremented in the look-up 

m 

In 15 table of the first pixel C-l of the halftone spot ot the third 

a 

halftone spot group. An inclination of the increasing curve 
of the output data in the LUT is 1/2 of that in the tables A-l 
and B-l. The input value of k or larger are assigned to the 
step S4 and the subsequent ones. In the look-up tables of the 
20 second pixels A-2, b-2, c-2 or the halftone spots ot the tirst 
to third halftone spot groups, the output values of the sizes 
of the virtual dot arnaa sre incremented simultaneously. An 
inclination of the increasing curve of the output data in the 
LUT is 1/4 of that in the tables A-l and B-l. 

25 
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Thus, the growing of the virtual dot areas of the output 
data, which is performed with increase of the grdddliun level 
of the input picture image data, can be varied as desired by 
using the look-up tables. 

5 

Next, a fourth halftone spot growing process will be 
described. Fig. 24 is a diagram useful in explainiuy Hie edge 
effect in the fourth halftone spot growing process. Graphs 
M of (1) and (2) in Fig. 24 resembles those of (1) and (2) in 

5 10 Fig. 16, used for explaining the problem of the edge effect. 

ffi A graph of (3) in Fig. 24 is used for explaining the tourth 

u. 

L halftone spot growing process for suppressing the edge effect. 

h 

A pattern 32 represents a lafsnt image distribution in an area 
h; of the gradation level Gl. As shown, a single latent image 

5 15 area 33 is generated, and this latent image area has a toner 
jyj o.D. 34. A pattern 38 represents a latent image distribution 

over an area having a gradation level G2, higher than the 
gradation level Gl. As shown, a growing latent imags arsa 3S 
and a latent image area 36, which starts to grow, are contained 
20 in this pattern. Accordingly, the latent image area 35 is larger 
Lhau the laLenL image area 33 of the pattern 32. 

In a transient part, as in a transient part from thp. step 
SI to the step S2, where the pixel of halftone spot area A has 
25 grown and the pixel of halftone spot area B starts to grow, 
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the density of the virtual dot area abruptly increases, and 
it is greatly affected by the variation £>y the edge effect. 
However, the influence of the variation by the edge effect can 
be suppressed in a manner that t-.hp 1 atent image area 33 is made 
5 to grow to the latent image area 35, and during the growing, 
a new latent image area 36 starts to grow, as shown in (3) of 
Fig. 24. The tedsou for this is that if do done, even if the 
density of the virtual dot area increases, the lalenL image 
area 35 has qrown to have a large size. As a result, the gradation 
10 of the final picture can be properly reproduced corresponding 
to the increase ot the gradation of the input picture image 
data. 

Fig. 25 is a graph showing the character is ti r. of a look-up 
15 table used for the fourth halftone spot growing process based 
on the above-mentioned principle in the embodiment. Figs. 
26 through 28 are diagrams for explaining how the halftone spots 
grow by the fourth halftone spot growing process. In the 
halftone spot growinq process, steps S1A to S3A to be described 
below are used for the halftone spot growing steps SI to S3 
already stated. 

In thi s step S1A for the data range of the lowest gradation 
level, as shown in Fiq. 26, a virtual dot area grows in only 
the growth nucleus pixel A-l of the halftone spot area A of 
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the fiisl halftone spot group. As a result, a probability at 
which the fine virtual dot area occurs is reduced, and a picture 
of low gradation levels can be properly reproduced with less 
influence by the output variation of the electrophotography 
5 process. Further, as shown in Pig. 27, in the middle of the 
step 51 A, during the growing of the virtual dot area in the 
growth nucleus pixel of the halftone spot <area A of the first 
halftone spat group, a virtual dot starts to grow in a growth 
u nucleus pixel B-l of the halftone spot area B of the second 

y lu halftone spot group. Thus, when the virtual dot starts to grow 

"in* 

in the growth nucleus pixel B-l, the growing ot the virtual 
N 5 dot area in the growth nuclcuo pixel A 1 in the halftone spot 

Cf area A continues. When the virtual dot starts to grow in the 

O growth nucleus pixel B-l, then a halftone spot density is 

M, 

111 15 stepwise incremented, thereby suppressing the edge effect. At 

yo 

0 this time/ the growing of Uie virtual dot area in the growth 

ru 

nucleus pixel A-l in the halftone spot area A continues, and 
hence, there is no chance that the increase of the gradation 
level of the final picture is improperly suppressed or its 
20 yradation is inverted. 

Also in the step S2A for the data range of which the 
gradation is hiqher than that in the previous step, only the 
virtual dot area of the growth nucleus pixel B-l in the halftone 
25 spot area ti of the second halftone spot group grows in the first 
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half of "Che step. In the second half, a growth nucleus pixel 
C-l startc to grow also in a halftone spot area C of the third 
halftone* spot group, in addition the growing of the growth 
nucleus pixel B-l. Thus, as shown in Fig. 28, in the second 
5 half of the step S2A, the virtual dot areas grow in the growth 
nucleus pixels of the halftone spot areas B and C. 

Also in this case, when the virtual dot stalls to grow 
in the halftone spot area C, the growing of the virtual dot 
10 in the halftone spot area B continues. Accordingly, the 
influence of the variation by the edge effect when the density 
of the growing halftone spots increases is lessened. 

In the subsequent step S3A, the virtua.1 dot area grows 
15 as in che step S3 . The growing of the virtual dots in the steps 
34 to 39 in Lhe data range ot high gradation levels is 
substantially the came as in the Fiy . 15 case. 

As described above, in the fourth halftone spot growing 
20 process, unlike the Fig. 15 process, when he number of halftone 
3pot areas growing in the data range of low gradation levels 
i s i increased, the growing of additional halftone spots is started 
during the growing of thfc halftone spots, thereby lessening 
the influence of the variation by the edge effect. Tn the case 
25 of fig. 15/ upon completion of the virtual dot growing in the 
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halftone spot area A, the virtual dot starts to grow in the 
additional halftone spot B. Accordingly, Lhe size of the 
virtual rint area of the halftone spot area A does not change 
at a boundary where the qradation level changes to another. 
5 As a result, it is greatly affected by the variation by the 
edye effect. 

Fig. 29 is a diagram for showing a look-up tabic used 
for the fourth halftone spot growing process. Diagrams of (1) 
10 and (2) in Fig. 29 are the same as those of (1) and (2) in Fig. 
23. A luuk-up table group used for the fourth halftone spot 
growing process is shown in (3) in Pig. 29. 

Look-up tables of the first pixels A-l, B-l, C-l, the 
15 second pixels A-2, B-2, C-2, and the fifth pixels A-5 of the 
halftone spot axwds axe shown, byway of example, in the look-up 
table group. The gradation lcv&l3 from 0 to "i - 1" of the 
input gradation data are assigned to the. step SIR. In this 
step, in the look-up table of the first pixel A-l of the halftone 
20 spot of the tirst halftone spot group, the output value 
representative of the size c£ Lhe virtual dot area is incremented 
from 0 to 255 (input and output data, each, consisting of 8 bits) . 
In the look-up table of the first p.i.xal R-7 of the halftone 
spot of the second halftone spot group, the output data of the 
25 virtual dot area starts to increment in the middle of the step. 
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The input values from i to "j - 1" eu.e assigned to the 
step S2A. In the look-tip table of the first pixel B-l of the 
halftone spot of the second halftone spot group, a virtual riot 
5 area starts to increase in the first pixel C-l of the halftone 
spot of Lhe third halftone spot group during the incrementing 
of the virtual dot aize output value to 255. 

M" The input values from j to u k - 1" are assigned to the 

O 

~, 10 step S3 A, and in this step, the output value representative 

ill 

S| of the size of Lhe virLual dot area is incremented to the maximum 

jU value 2 55 in the look-up table of the first pixel C-l of Lhe 

D 

7 halftone spot of the third halftone spot group . The input value 

o 

P k or larger are assigned to the step S4 and the subsequent ones . 



the halftone spots of Lhe first to third halftone spot groups, 
the output values of the sizes of the virtual dot areas are 
incremented simultaneously. At the boundary between the steps 
S3A and S4, the halftone spot density does not change. Hence, 
20 there is no variation by the edge effect. 

Fig. 30 is a block diagram showing an overall system 
configuration of another electrophotographic system. In the 
electrophotographic system shown in Fig. 3, the controller 62 
25 in the electrophotographic apparatus 60, such as printer, 




in the looK-up tables of the second pixels A-2, B-2, C-2 of 
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includes the half tone processing part 66. The half tone 
processing part GG, while i erecting to the look-up tables, 
converts the input picture image data containing gradation 
information into the picture reproducing data containing the 
5 size of virtual dot areas, and outputs the converted data. In 
the Fig- 30 system, the half tone processing function is 
incorporated into a drivei program 80, which Is Installed in 
a host computer 50. Accordingly, the driver 80 includes a 
rasteri zing module 54, a color converting module 64 and a half 
i 10 tone processing module 66. 



The half tone processing part G6 conLaixis LUT matrices 
w and look-up tables as the conversion table, and converts the 

g input picture image data containing the gradation information 
r - = 15 into the picture reproducing data containing the size of the 
vlrLual dot areas by referring to the conversion tables. 
Accordingly, an image processing for carrying out the hall- Lone 
process is realized by the program mnninginthe host computer. 



20 This image processing program converts the input picture 

irudye dala containing the gradation information into the output 
picture reproducing data containing the virtual dot area data, 
and during its converting process, the look-up tables in the 
conversion table are referred to. How to orow halftone spots 

25 with increase of the gradation level is described in the look-up 
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tables. Accordingly, the image processing program contains 
converting procedures and the conversion table. 

An electrophotographic apparatus fin of Fig. 30 includes 
5 a controller 62 and an engine 70. The controller 62 includes 
a pulse-width modulation part 68, which generates a laser drive 
pulse signal G9 from pic Lure reproducing data 67 atter the 
conversion. The engine 70 includes a laser driver 72 and a 
laser diode 74. 

J 10 

CI 

U) m the embodiments mentioned above, the halftone spot 

m 

\a area is divided into three half tone apoL yroups. Half tone spots 

H 

O are made to grow successively. It is readily understood that 
O the present invention is applied to a case where evident that 
ill li? the halftone spot area may be divided into two or more number 
p of halftone spot groups, and the halftone spots are made to 
successively grow. In the embodiments wenLioned above, the 
virtual dots are made to successively grow in the halftone spots 
of a plurality of halftone spot groups. It is evident that 
2Q the invention is not limited to such. In an alternative, after 
the yrowth nucleus pixel grows, virtual dots simultaneously 
grow in a plurality of pixels adjacent to one em.uL.her, while 
the virtual dot is made to successively grow in the adjacent 
pixels, in the embodiments described above. 

25 
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The Invention may be applied to a case where picture 
reproducing data is generated which causes a density o± halftone 
spots to stepwise vary with increase of the gradation level. 
Accordingly, the invention may be applied not only to the case 
where the virtual dots successively grow in the halftone spot 
areas of plurality of halrtone spot groups as in the embodiments/ 
but also to the case where the halftone spots are made to grow 
at a first density in a first data range, and the halftone spoLs 
are made to grow at a second density, which is higher than the 
first density, in a second data range of which the gradation 
level is higher than in the first data range. 

As seen from the foregoing description, the gradation 



fi 

i", of the final picture is properly reproduced, so that the picture 



-0 
P 

m 



quality is improved. 
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